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Abstract 
Rotation construction of a bridge is an effective construction method, when a bridge across the highway, railway, river, canyon,
or other special conditions such as existing building. First of all, beams are manufactured to the shore, or on side of the existing 
building, or on both sides of the existing traffic routes, and then beam is rotated to the design location along the spin axis. T-type 
rigid frame bridge is a cantilever beam after removing of the supporting; and its overall stability depends on the ball joints in the 
event of rotational friction and the support feet. From a structural point of view, the bending moment at the free end of cantilever 
is zero, while the largest at the root. The force system of the structure is changing during removal of the supporting. On-site
monitoring of deformation process was carried out to master the development of the deformation. Numerical calculation of T-
type rigid frame bridge was carried out to simulate the supporting-removal process of bridge construction, and then deformation
at some key sections was obtained. Some conclusions are obtained to give reference for construction and controlling of the bridge.
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
Zhangjiawan Bridge flies over one railway special line with skew angle of 51 degrees. The bridge, which is a 
prestressed concrete T-type rigid frame bridge, is 30.16 meters in width, and one cantilever is 63 meters in span, 
while another is 67 meters. Every frame is 4800 tons in weight. First of all frames are manufactured on side of the 
existing traffic routes, and then rotated to the design location along the spin axis [1-3], as shown in Fig. 1. T-type
rigid frame bridge is a cantilever beam after removing of the supporting; and its overall stability depends on the ball 
joints in the event of rotational friction and the support feet. On-site monitoring of deformation process was carried 
out to master the development of the deformation. 
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2. On-site monitoring of deformation 
Sequence of removing the supporting and the removing synchronization of both sides has a great influence on the 
bending moment and deformation of the beam. To control the internal force of the beam during the process of 
removing the supporting, and to ensure the synchronization and the progress of construction, deflection at both ends 
of the cantilever beams was monitored on-site. 
2.1.  Layout of the testing points  
Displacement sensors were laid at both ends of the cantilever beams, and vertical displacements there were 
obtained at any time during the process of removing the supporting, and accordingly, to determine the nest work at 
the same time, which could be used as basis for adjusting the slant of the beam caused by imbalance torque or other 
incidental factors. Figure 3 shows the layout of the testing points [4]. 
          
(a)                (b) 
Fig.1. (a) Photo of bridge before rotation; (b) Photo of bridge during rotation  
         
(a)                                  (b) 
(c)
Fig. 2. Layout of the testing points: (a) Testing points at the end of the beam; (b) Displacement sensor; (c) Number of the sensors
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2.2. Test result  
During the process of removing the supporting, output signal of the eight displacement sensors was real-time 
tracked and recorded, to find out any changes of displacement of the beams. Fig. 3 shows a certain state during the 
process of removing the supporting. Fig 5 shows vertical displacement curves with time of beam-1.  
Fig. 4(a) shows that the displacement of 1# sensors is always greater than that of 2# during the process of 
removing the supporting and the difference are between 10mm-14mm or so.   
Fig. 4(b) shows that the displacement of 3# sensors is equal to that of 4# before 2/3 of the process of removing 
the supporting, and then the displacement of 3# sensors is greater than that of 4#, and the difference is about 13mm.   
Fig. 4(c) shows that the displacement of left end of beam-1 is always less than that of right end during the process 
of removing the supporting, and finally the difference is just 1.8mm. The data show that the symmetry of beam-1 is 
good and the synchronization of construction is not bad. 
Fig. 3. A certain state during the process of removing the supporting
      
(a)
(b)                                 (c) 
Fig. 4. Measurements of sensors at the ends of beam-1 during the process of removing the supporting: (a) Measurements of 1#and 2# sensors; 
(b)Measurements of 3#and 4# sensors; (c) The average measurements of 1#and  2# ,3#and 4# 
Measurement of 3# sensors 
D
ef
o
rm
at
io
n
 /
m
m
 
Measurement of 4# sensors 
Average of 3#and4#
D
ef
o
rm
at
io
n
 /
m
m
 
Average of 1#and2#
Measurement of 1# sensors 
D
ef
o
rm
at
io
n
 /
m
m
 
Measurement of 2# sensors 
L. Jiang, R. Gao / Procedia Engineering 4 (2010) 355–360 357
4 L. Jiang, R. Gao  / Procedia Engineering 2 (2010) 000–000 
Although it’s difficult to achieve synchronization, on-site monitoring of deformation process can be used to 
master the development of deformation and to ensure the synchronization and the progress of construction. 
Similarly, Fig. 5 shows vertical displacement curves with time of beam-2. 
                  
(a)
             
(b)                   (c) 
Fig. 5. Measurements of sensors at the ends of beam-2 during the process of removing the supporting: (a) Measurements of 1# and 2# sensors; (b) 
Measurements of 3# and 4# sensors; (c) The average measurements of 1# and 2#, 3# and 4# 
Fig. 5(a) shows that the displacement of 1# sensors is always greater than that of 2# during the process of 
removing the supporting and the difference are between 5mm-14mm or so.  Fig. 5(b) shows that the displacement of 
3# sensors is generally equal to that of 4# and the difference is about 5.5 mm. Fig. 5(c) shows that the displacement 
of left end of beam-2 is always greater than that of right end during the process of removing the supporting, and 
finally the difference is 27.6mm.   
The above data show that the synchronization of construction of beam-2 is better than beam-1, but the symmetry 
is worse than beam-1.  
3. Numerical calculation 
3.1. Calculation mode [5] 
Because the structure only suffer self-weight and prestressed force, structural unit are still in the elastic stage, so 
the overall model is adopted, which assumes that concrete and reinforcing bar bonded well, and the reinforcing bars 
are distributed in the entire unit, so the units could be regarded as a homogeneous continuous material.In the model 
unit Solid65 is adopted, which is designed for concrete and rock to simulate the reinforcing bar in concrete. The 
calculation model is shown as Fig. 6. 
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Fig. 6. Calculation model 
3.2. Calculation result 
The displacement at the end of the beam is shown in the Fig. 7. Its calculated maximum value is 133.0mm. Test 
results show that the maximum value of beam-1 is about 110.0mm; for beam-2, the left end is 125.0mm while the 
right end is 152.6mm. This shows that, the calculated and experimental results are comparable. 
Fig. 7. Calculation result of deformation of the beam 
L. Jiang, R. Gao / Procedia Engineering 4 (2010) 355–360 359
6 L. Jiang, R. Gao  / Procedia Engineering 2 (2010) 000–000 
4. Conclusions 
Sequence of removing the supporting and the removing synchronization of both sides of the T-type rigid frame 
bridge being constructed has much influence on the bending moment and deformation of the beam. To control the 
internal force of the beam during the process of removing the supporting, and to ensure the synchronization and the 
progress of construction, deflection at both ends of the cantilever beams was monitored on-site. The monitoring 
results show that the examined beam-1 has good symmetry and the synchronization of construction is acceptable; 
the synchronization of construction of beam-2 is better than beam-1, but the symmetry is worse than beam-1.  
On-site monitoring of deformation process can be used to master the development of deformation and to ensure 
the synchronization and the progress of construction. As the bridge structure in the construction process mainly 
suffers self-weight and pre-stressed force, structural unit are still in the elastic stage, thus the overall model can be 
used to calculate the displacement at the end of the beam during the process of removing the supporting. 
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